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Title: METHOD FOR CONDUCTING CRASH 

TESTS USING A CRASH-TEST CARRIAGE 

AND A CORRESPONDING APPARATUS 
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Group: 



Examiner: 



PRELIMINARY AMENDMENT 



Commissioner for Patents 
Washington, D C. 20231 

Sir: 



Please enter the following Amendment to the application prior to calculating the filing fee. 
Attached hereto as "ATTACHMENT A" is a marked-up copy showing the changes made 
to the above-identified patent application by the present Amendment. 

IN THE SPECIFICATION 
Please replace the current specification with the substitute specification attached hereto. 

IN THE ABSTRACT 

Please delete the abstract in its entirety and replace therefor the abstract attached hereto. 



IN THE CLAIMS 



Please cancel claims 1-20. 



Please add the following new claims 21-41: 

21. (New) A method of conducting crash tests using a crash-test carriage, said crash-test 
carriage being accelerated in accordance with a real deceleration curve to thereby simulate 
deceleration forces associated with a real collision, said crash-test carriage having a carriage drive 
apparatus associated therewith, the method comprising the steps of: 

MAF0001.US 
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exerting an accelerating force on said crash-test carriage in an acceleration direction, said 
accelerating force exceeding a respective force required for acceleration in accordance with the 
real deceleration curve; and 

exerting a braking force on said crash-test carriage in a direction opposite said acceleration 
direction in order to achieve a desired acceleration curve, said braking force being applied on one 
of said crash-test carriage and said carriage drive apparatus, said braking force being so large so as 
to accelerate said crash-test carriage in accordance with the desired acceleration curve. 

22. (New) The method of claim 21, wherein a collision of a motor vehicle with an obstacle 
is simulated. 

23 . (New) The method of claim 2 1 , wherein said braking force is regulated in a manner 
dependent upon the real acceleration of said crash-test carriage. 

24. (New) The method of claim 21, wherein said accelerating force is generated 
pneumatically. 

25. (New) The method of claim 24, wherein said crash-test carriage has a pressure- 
generating source associated therewith, said pressure-generating source comprising a pressure 
chamber, the method further including the steps of: 

generating in the pressure chamber, at a maximum braking force, a pressure that 
corresponds at least to a maximum required acceleration force; and 

subsequently gradually reducing said braking force in accordance with the desired 
acceleration curve. 

26. (New) The method of claim 25, wherein said pressure chamber has a pressure sensor 
associated therewith for measuring the pressure therein, said generating of said pressure being 
controlled via said pressure sensor. 
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27. (New) The method of claim 25, further including the step of lowering the pressure in 
said chamber to ambient pressure at an end of said crash test. 

28. (New) The method of claim 21, wherein said braking force is hydraulically transmitted 
to one of said crash-test carriage and said carriage drive apparatus, 

29. (New) The method of claim 21, further including the step of emergency braking of said 
carriage drive apparatus at an end of said crash test. 

30. (New) The method of claim 29, wherein said end of said crash test is determined based 
upon at least one of a path covered by said crash-test carriage, a length of time associated with 
said crash test and a speed of said crash-test carriage. 

3 1 . (New) An apparatus for conducting crash tests using a crash-test carriage, said crash- 
test carriage being accelerated in accordance with a real deceleration curve to thereby simulate 
deceleration forces associated with a real collision, said crash-test carriage having a carriage drive 
apparatus associated therewith, the apparatus comprising: 

a pressure-generating source having a pressure chamber associated therewith, said 
pressure chamber having a chamber volume; 

a piston located within said pressure-generating source, said piston restricting said chamber 

volume; 

a thrust rod positioned within said pressure-generating source opposite said chamber 
volume, said thrust rod being operatively coupled with said piston, said thrust rod being 
configured for acting upon said crash-test carriage; 

a compressor for generating a required pressure in said pressure chamber; and 

a brake device configured for acting upon one of said crash-test carriage and said thrust 

rod. 

MAF0001.US 

3 



PATENT 

32. (New) The apparatus of claim 31, further including a safety valve operatively 
connected with said pressure chamber, said safety valve restricting a maximum pressure within said 
pressure chamber. 

33. (New) The apparatus of claim 31, further including a pressure sensor operatively 
connected to said pressure chamber, said pressure sensor producing an output pressure signal, said 
output pressure signal being used to control pressure generation within said pressure chamber. 

34. (New) The apparatus of claim 32, further including a pressure switch operatively 
connected with said pressure chamber, said pressure switch having a switch response pressure 
associated therewith, said safety valve having an associated valve response pressure, said switch 
response pressure being less than said valve response pressure, said pressure switch being 
operatively coupled with said compressor, said pressure switch being configured for switching off 
said compressor when said pressure within said pressure chamber is equal to at least said switch 
response pressure. 

35. (New) The apparatus of claim 31, further including a hydraulic unit coupled with said 
brake device, said brake device being hydraulically actuated by said hydraulic unit. 

36. (New) The apparatus of claim 35, further including a hydraulic valve associated with 
said brake device and said hydraulic unit, said hydraulic valve being configured for regulating a 
braking force generated by said brake device. 

37. (New) The apparatus of claim 21, wherein said braking device generates a braking 
force, said braking force being regulated in a manner dependent upon an acceleration of said crash- 
test carriage. 

38. (New) The apparatus of claim 21, wherein said braking device generates a braking 
force, said braking force being regulated in a manner dependent upon a desired brake pressure of 
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said brake device. 

39. (New) The apparatus of claim 21, wherein said thrust rod loosely engages said crash- 
test carriage, said thrust rod thereby being configured for displacing said crash-test carriage. 

40. (New) The apparatus of claim 21, wherein said brake device configured for acting 
upon said thrust rod. 

41. (New) The apparatus of claim 21, wherein one said compressor and a corresponding 
said pressure chamber together comprise an acceleration unit, at least one said acceleration unit 
being provided for generating a required acceleration force. 

REMARKS 

In compliance with MPEP § 608.0 l(q), Applicants submit that no new matter has been 
added in the substitute specification attached hereto. Applicants have included a marked-up copy 
of the original specification, the changes indicated therein corresponding to the changes 
implemented in the substitute specification. 4 

In the event Applicants have overlooked the need for an extension of time, an additional 
extension of time, payment of fee, or additional payment of fee, Applicants hereby conditionally 
petition therefor and authorize that any charges be made to Deposit Account No. 20-0095, 
TAYLOR & AUST, P C. 
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Should any question concerning any of the foregoing arise, the Examiner is invited to 
telephone the undersigned at (219) 897-3400. 



Respectfully submitted, 




Jeffrey T. Knapp 
Registration No. 45,384 



Agent for Applicant 



JTK/tj 

TAYLOR & AUST, P C. 
142 S. Main Street 
P.O. Box 560 
Avilla,IN 46710 
Telephone: 2 1 9-897-3400 
Facsimile: 219-897-9300 

Enc. : Return postcard 



CERTIFICATE OF MAILING 

I hereby certify that this correspondence is being deposited with the United 
States Postal Service as first class mail in an envelope addressed to: 
Commissioner for Patents, Washington, DC 2023 1, on: December 14, 
2001 . 

Jeffrey T. Knapp, Reg. No. 45,384 




Name of Registered Representative 



I 
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Title: METHOD FOR CONDUCTING CRASH TESTS USING A CRASH-TEST CARRIAGE 
AND A CORRESPONDING APPARATUS THEREFOR 
Application Serial No.: Group: Examiner: 

ATTACHMENT A: 
MARKED-UP COPY SHOWING AMENDMENTS 

IN THE SPECIFICATION 
Attached herewith is a mark-up copy of the specification. 

IN THE CLAIMS 

Please cancel claims 1-20. 

Please add the following new claims 21-41: 

21 . (New) A method of conducting crash tests using a crash-test carriage, said crash-test 
carriage being accelerated in accordance with a real deceleration curve to thereby simulate 
deceleration forces associated with a real collision, said crash-test carriage having a carriage drive 
apparatus associated therewith, the method comprising the steps of: 

exerting an accelerating force on said crash-test carriage in an acceleration direction, said 
accelerating force exceeding a respective force required for acceleration in accordance with the 
real deceleration curve; and 

exerting a braking force on said crash-test carriage in a direction opposite said acceleration 
direction in order to achieve a desired acceleration curve, said braking force being applied on one 
of said crash-test carriage and said carriage drive apparatus, said braking force being so large so as 
to accelerate said crash-test carriage in accordance with the desired acceleration curve. 

22. (New) The method of claim 21, wherein a collision of a motor vehicle with an obstacle 
is simulated. 

MAF0001.US 
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Title: METHOD FOR CONDUCTING CRASH TESTS USING A CRASH-TEST CARRIAGE 
AND A CORRESPONDING APPARATUS THEREFOR 
Application Serial No.: Group: Examiner: 

23. (New) The method of claim 21, wherein said braking force is regulated in a manner 
dependent upon the real acceleration of said crash-test carriage. 

24. (New) The method of claim 21, wherein said accelerating force is generated 
pneumatically. 

25. (New) The method of claim 24, wherein said crash-test carriage has a pressure- 
generating source associated therewith, said pressure-generating source comprising a pressure 
chamber, the method further including the steps of: 

generating in the pressure chamber, at a maximum braking force, a pressure that 
corresponds at least to a maximum required acceleration force; and 

subsequently gradually reducing said braking force in accordance with the desired 
acceleration curve. 

26. (New) The method of claim 25, wherein said pressure chamber has a pressure sensor 
associated therewith for measuring the pressure therein, said generating of said pressure being 
controlled via said pressure sensor. 

27. (New) The method of claim 25, further including the step of lowering the pressure in 
said chamber to ambient pressure at an end of said crash test. 

28. (New) The method of claim 21, wherein said braking force is hydraulically transmitted 
to one of said crash-test carriage and said carriage drive apparatus. 

29. (New) The method of claim 21, further including the step of emergency braking of said 
carriage drive apparatus at an end of said crash test. 

30. (New) The method of claim 29, wherein said end of said crash test is determined based 
upon at least one of a path covered by said crash-test carriage, a length of time associated with 
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Title: METHOD FOR CONDUCTING CRASH TESTS USING A CRASH-TEST CARRIAGE 
AND A CORRESPONDING APPARATUS THEREFOR 
Application Serial No. : Group : Examiner: 

said crash test and a speed of said crash-test carriage. 

3 1 . (New) An apparatus for conducting crash tests using a crash-test carriage, said crash- 
test carriage being accelerated in accordance with a real deceleration curve to thereby simulate 
deceleration forces associated with a real collision, said crash-test carriage having a carriage drive 
apparatus associated therewith, the apparatus comprising: 

a pressure-generating source having a pressure chamber associated therewith, said 
pressure chamber having a chamber volume; 

a piston located within said pressure-generating source, said piston restricting said chamber 
volume; 

a thrust rod positioned within said pressure-generating source opposite said chamber 
volume, said thrust rod being operatively coupled with said piston, said thrust rod being 
configured for acting upon said crash-test carriage; 

a compressor for generating a required pressure in said pressure chamber; and 

a brake device configured for acting upon one of said crash-test carriage and said thrust 

rod. 

32. (New) The apparatus of claim 3 1, further including a safety valve operatively 
connected with said pressure chamber, said safety valve restricting a maximum pressure within said 
pressure chamber. 

33. (New) The apparatus of claim 31, further including a pressure sensor operatively 
connected to said pressure chamber, said pressure sensor producing an output pressure signal, said 
output pressure signal being used to control pressure generation within said pressure chamber. 
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Title: METHOD FOR CONDUCTING CRASH TESTS USING A CRASH-TEST CARRIAGE 
AND A CORRESPONDING APPARATUS THEREFOR 
Application Serial No.: Group: Examiner: 

34. (New) The apparatus of claim 32, further including a pressure switch operatively 
connected with said pressure chamber, said pressure switch having a switch response pressure 
associated therewith, said safety valve having an associated valve response pressure, said switch 
response pressure being less than said valve response pressure, said pressure switch being 
operatively coupled with said compressor, said pressure switch being configured for switching off 
said compressor when said pressure within said pressure chamber is equal to at least said switch 
response pressure. 

35. (New) The apparatus of claim 3 1, further including a hydraulic unit coupled with said 
brake device, said brake device being hydraulically actuated by said hydraulic unit. 

36. (New) The apparatus of claim 35, further including a hydraulic valve associated with 
said brake device and said hydraulic unit, said hydraulic valve being configured for regulating a 
braking force generated by said brake device. 

37. (New) The apparatus of claim 21, wherein said braking device generates a braking 
force, said braking force being regulated in a manner dependent upon an acceleration of said crash- 
test carriage. 

38. (New) The apparatus of claim 21, wherein said braking device generates a braking 
force, said braking force being regulated in a manner dependent upon a desired brake pressure of 
said brake device. 

39. (New) The apparatus of claim 21, wherein said thrust rod loosely engages said crash- 
test carriage, said thrust rod thereby being configured for displacing said crash-test carriage. 

40. (New) The apparatus of claim 21, wherein said brake device configured for acting 
upon said thrust rod. 
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41. (New) The apparatus of claim 21, wherein one said compressor and a corresponding 
said pressure chamber together comprise an acceleration unit, at least one said acceleration unit 
being provided for generating a required acceleration force. 
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METHOD FOR CONDUCTING CRASH TESTS USING A CRASH-TEST 
CARRIAGE AND A CORRESPONDING APPARATUS THEREFOR 

BACKGROUND OF THE INVENTION 

5 1. Field of the invention. 

The present invention relates to a method for conducting crash tests using a carriage, in 
particular for simulating the collision of a motor vehicle with an obstacle, in which the 
deceleration forces of a real collision are simulated. The invention moreover relates to an 
apparatus for carrying out such a method. 

10 2. Description of the related art. 

When a vehicle collides with a resistance, for example another vehicle, in an accident, it 
is decelerated in accordance with the deformability of each of the vehicle and the resistance (e.g., 
the other vehicle). This deceleration initiates an acceleration onto the movable masses of the 
vehicle. In order to be able to investigate these acceleration forces, it is known to conduct real 

15 crash tests in which a vehicle is accelerated to a desired speed and collides with an obstacle. The 
vehicle is, however, destroyed thereby and cannot be used for further crash tests. 

To allow acceleration forces to be investigated in accidents without having to destroy a 
whole vehicle for this purpose, so-called crash tests using a carriage are conducted, in which a 
carriage is accelerated to the desired speed, for example by a pre-stressed elastic cable. The 

20 carriage then collides with a deformable obstacle at this speed. However, with this kind of test, it 
is difficult to recreate deceleration curves from real crash tests. 

It is therefore also known to simulate the deceleration of a real crash test by an 
acceleration of the test object. This means that the acceleration forces acting on the movable 
masses of the vehicle on collision with an obstacle are exerted directly via an acceleration of the 

25 crash-test carriage onto the test object. Real deceleration curves can thus be recreated 
substantially better. 

1 
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In known methods, in order to conduct such tests, the carriage is accelerated by a thrust 
rod which is hydraulically moved out of a cylinder tube in accordance with a real deceleration 
curve. In order to recreate the real deceleration curve, the hydraulic pressure exerted on the 
thrust rod is controlled by a hydraulic valve. In view of the high degree of acceleration required, 
5 this thrust rod must be capable of being actuated at an extremely high rate and must be able to 
react very quickly. A plurality of calibration tests must be conducted for the adaptation to the 
real deceleration curve since such a valve cannot be regulated within the test time of a maximum 
of 100 milliseconds. This process is therefore relatively expensive and time-consuming. 

SUMMARY OF THE INVENTION 

10 The present invention provides a method for conducting crash tests using a carriage with 

which real deceleration curves can likewise be recreated very precisely, but which is less 
expensive and time-consuming, and includes an apparatus for carrying out such a method. 

According to the present invention, during the test, a first force is exerted on the crash- 
test carriage in the direction of acceleration, this first force being larger than a respective second 

15 force required for acceleration in accordance with the real deceleration curve, on the one hand. 
In order to achieve the desired acceleration curve, a braking force opposite to the direction of 
acceleration is exerted on the crash-test carriage or on an apparatus driving it, this braking force 
being so large that the resulting force accelerates the carriage in accordance with the desired 
acceleration curve, on the other hand. 

20 The generation of acceleration and the adaptation of the acceleration to a desired curve 

can be advantageously separated from one another by the exertion of an acceleration force on the 
crash-test slide, on the one hand, and of a braking force, on the other hand. The adaptation is 
thereby possible with a relatively low effort. In particular, a regulation can be carried out. Time- 
consuming calibration tests are thereby made superfluous so that the method overall requires 

2 
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much less effort than the one described with respect to the related art and, nevertheless, allows a 
very exact adaptation to the desired acceleration curve. 

In accordance with an embodiment of the invention, the force acting in the direction of 
acceleration is produced pneumatically. It is possible to pneumatically generate a force in a 
5 simple manner and allows, likewise in a simple manner, a repeated conducting of crash tests 
using a carriage. 

In accordance with a further embodiment of the invention, a pressure is generated in a 
pressure reservoir at a maximum braking force, the pressure corresponding at least to the 
maximum required acceleration force, and, subsequently, the brake is gradually opened in 
10 accordance with the acceleration curve. In this way, the adaptation of the acceleration to the 

acceleration curve can be achieved solely by a controlled or regulated opening of the brake. This 
adaptation is, in particular, of advantage when carrying out a real-time regulation. 

In accordance with a further embodiment of the invention, the generation of the required 
pressure is controlled via a pressure sensor arranged in the pressure reservoir, in particular by 
1 5 using a computer. In this way, the exact pressure generation is ensured in the pressure reservoir. 

In accordance with a further embodiment of the invention, the braking force is 
hydraulically transferred onto the brake carriage or onto an apparatus driving it. An exact 
control and regulation is thus possible in a particularly easy manner. As a result of the relatively 
low amount of hydraulic fluid required, valves with a comparatively low flow rate, in particular 
20 standard hydraulic valves, can be used, which can also be regulated in real time. 

In accordance with a further embodiment of the invention, an emergency braking of an 
apparatus driving the crash-test carriage is carried out at the end of the crash test using a carriage, 
with the end of the crash test preferably being determined via the path covered, the time and/or 
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the speed of the crash-test carriage. The exertion of an uncontrolled force on the crash-test 
carriage after the end of the test is thus prevented. 

An apparatus for conducting the method includes, in accordance with the invention, a 
pressure chamber whose volume is restricted by a piston which acts on the crash-test carriage via 
a thrust rod; a compressor for generating the required pressure in the pressure chamber; and a 
braking device for acting on the crash-test carriage or on the thrust rod. Crash tests using a 
carriage in accordance with the invention can thus be conducted in an advantageous manner with 
pneumatic acceleration. 

In accordance with a further embodiment of the invention, the pressure chamber has a 
safety valve to restrict the maximum pressure. Damage to the system due to excess pressure is 
thereby avoided. 

In accordance with a further embodiment of the invention, a pressure sensor is present in 
the pressure chamber whose output signal is transmitted to a control unit to control the pressure 
generation. The achieving of the required pressure in the pressure chamber is thus ensured. 

In accordance with a further embodiment of the invention, a pressure switch is provided 
in the pressure chamber whose response pressure lies somewhat below the safety valve pressure. 
Upon reaching the response pressure, the pressure switch switches off the compressor. The 
compressor is thus automatically switched off before the maximum permitted pressure is 
reached, and the occurrence of excess pressure is avoided. 

In accordance with a further embodiment of the invention, the brake device acting on the 
crash-test carriage or on the thrust rod can be hydraulically actuated. This hydraulic actuation is 
advantageous for construction and allows a control, and in particular a regulation, of the braking 
force. A standard hydraulic valve is preferably provided for this purpose. 
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In accordance with a further embodiment of the invention, the braking force can be 
regulated dependent on the acceleration of the crash-test carriage. An acceleration sensor is 
provided therefor which measures the acceleration of the crash-test carriage. Another possibility 
includes regulating the braking force dependent on the desired pressure of the hydraulic brake. 
5 In accordance with a further embodiment of the invention, the crash-test carriage can be 

displaced by a thrust rod, the thrust rod engaging loosely at the carriage, with the brake device 
preferably acting on the thrust rod. This set-up is advantageous for construction and also allows 
the crash-test carriage to roll out at the end of the test. 

In accordance with a further embodiment of the invention, a plurality of units are 
10 provided in order to generate the acceleration force. The force required to accelerate the crash- 
test carriage can thereby be generated more simply. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The above-mentioned and other features and advantages of this invention, and the 
manner of attaining them, will become more apparent and the invention will be better understood 
15 by reference to the following description of embodiments of the invention taken in conjunction 
with the accompanying drawing, wherein: 

Fig. 1 is a side view of a crash-test carriage system of the invention. 
Corresponding reference characters indicate corresponding parts throughout the several 
views. The exemplification set out herein illustrates one preferred embodiment of the invention, 
20 in one form, and such exemplification is not to be construed as limiting the scope of the 
invention in any manner. 



5 
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DETAILED DESCRIPTION OF THE INVENTION 

Referring now to the sole drawing, Fig. 1, a compressor 1 generates, in a compressed air 
tube 2, an air pressure required for conducting a crash test using a carriage. A safety valve 3 
ensures that a maximum pressure is not exceeded in compressed air tube 2. 
5 A pressure sensor 4 is connected to compressed air tube 2 and measures the actual 

pressure in compressed air tube 2. This measurement is forwarded to a control computer (not 
shown here). When the desired pressure is reached, the control computer initiates the switching 
off of compressor 1 . In addition, a pressure switch 5 can be connected to compressed air tube 2, 
the response pressure of pressure switch 5 lying somewhat below the response pressure of safety 

1 0 valve 3 . When pressure switch 5 responds, compressor 1 is switched off. Finally, a rotary valve 
6 is connected to compressed air tube 2, and the pressure in compressed air tube 2 can be 
lowered to ambient pressure thereby. 

A thrust rod 7 is inserted into compressed air tube 2 and has a piston 8 at its inner end 
which is sealingly guided in compressed air tube 2 and thereby limits compressed air volume V 

15 in compressed air tube 2. The other end of thrust rod 7 loosely engages at a crash-test carriage 9. 
Crash-test carriage 9 can be displaced on rails 10 in the direction of longitudinal axis I of thrust 
rod 7. The starting position of crash-test carriage 9 is determined by a stop 11. Furthermore, an 
acceleration sensor 12 is provided on crash-test carriage 9, and the acceleration of crash-test 
carriage 9 in the direction of arrow II can be measured thereby and transmitted to the control 

20 computer. 

A hydraulically actuable brake device 13 engages at thrust rod 7. The flow of hydraulic 
fluid 15 from a hydraulic unit 15 to brake device 13 is regulated via a servo valve 14. Moreover, 
a pressure sensor 16 is present at brake device 13. Pressure sensor 16 measures the brake 
pressure and transmits a related signal to the control device/computer. 

6 
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To conduct a crash test using a carriage, servo valve 14 is first fully opened so that brake 
device 13 is closed, and thrust rod 7 is held at its starting position at which crash-test carriage 9 
contacts stop 1 1 . Now, the required pressure is built up in compressed air tube 2 via compressor 
1 . When the test starts, servo valve 14 begins to regulate the braking force on thrust rod 7 in 
5 accordance with a desired acceleration curve. The actual acceleration of crash-test carriage 9 is 
measured directly via acceleration sensor 12 and is used in the control computer to regulate the 
braking force. Alternatively, the braking force can be measured via brake pressure sensor 16, 
and the braking force can be regulated dependent on the brake pressure. 

As soon as at least one of the termination criteria, path covered, time and/or speed of 

10 crash-test carriage 9, has been satisfied, servo valve 14 opens fully again so that an emergency 
braking of thrust rod 7 is initiated. Crash-test carriage 9 thereby lifts off of thrust rod 7 and rolls 
out on rails 10. For the next test, carriage 9 and thrust rod 7 are pushed back into the starting 
position at which carriage 9 contacts stop 11. 

The conducting of the crash test using a carriage 9 can be carried out in a particularly 

15 suitable manner with this arrangement, with a very precise adaptation to a real acceleration curve 
being achieved by the separation of the generation of the acceleration force and the adaptation of 
the acceleration to a desired acceleration curve via brake device 13. The pneumatic generation 
of the acceleration force and the use of hydraulic brake device 13 are in this respect 
advantageous, in particular, for a repeated conducting of the crash test using carriage 9. 

20 While this invention has been described as having a preferred design, the present 

invention can be further modified within the spirit and scope of this disclosure. This application 
is therefore intended to cover any variations, uses, or adaptations of the invention using its 
general principles. Further, this application is intended to cover such departures from the present 

7 

MAF0001.US 



f JAJ" u-Jj- '.'*4ltf . MiJMTtr 'fits j- l*Z±tiT* . ,;n^* 'fJ^T.T." '/J"? '^%3AJ^ . -r^" T***t~* ^cr>"_ f«*JW« 



disclosure as come within known or customary practice in the art to which this invention pertains 
and which fall within the limits of the appended claims. 
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Reference numeral list 

1 compressor 

2 compressed air tube 

3 safety valve 

4 pressure sensor 

5 pressure switch 

6 rotary valve 

7 thrust rod 

8 piston 

9 crash-test carriage 

10 rails 

11 stop 

12 acceleration sensor 

13 brake device 

14 servo valve 

15 hydraulic unit 

16 brake pressure sensor 

I longitudinal axis of 7 

II direction of acceleration 
V compressed air volume 

9 
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ABSTRACT OF THE DISCLOSURE 

A method of conducting crash tests uses a crash-test carriage. The crash-test carriage is 
accelerated in accordance with a real deceleration curve to thereby simulate deceleration forces 
associated with a real collision, the crash-test carriage having a carriage drive apparatus 
5 associated therewith. The method includes the step of exerting an accelerating force on the 
crash-test carriage in an acceleration direction, the accelerating force exceeding a respective 
force required for acceleration in accordance with the real deceleration curve. The method also 
includes a step of exerting a braking force on the crash-test carriage in a direction opposite the 
acceleration direction in order to achieve a desired acceleration curve. The braking force is 
1 0 applied on one of the crash-test carriage and the carriage drive apparatus, the braking force being 
so large so as to accelerate the crash-test carriage in accordance with the desired acceleration 
curve. 
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Method for conducting crash tests using a carriage 

and corresponding apparatus 



The present invention relates to a method for conducting crash tests using 
a carriage, in particular for simulating the collision of a motor vehicle with 
an obstacle, in which the deceleration forces of a real collision are simu- 
10 lated by accelerating a crash-test carriage in accordance with the real 
deceleration curve. The invention moreover relates to an apparatus for 
carrying out such a method. 

When a vehicle collides with a resistance, for example another vehicle, in 
15 an accident, it is decelerated in accordance with the deformability of the 
vehicle and the resistance. This deceleration initiates an acceleration onto 
the movable masses of the vehicle. In order to be able to investigate these 
acceleration forces, it is known to conduct real crash tests in which a 
vehicle is accelerated to a desired speed and collides with an obstacle. The 
20 vehicle is, however, destroyed thereby and cannot be used for further 
crash tests. 

To allow acceleration forces to be investigated in accidents without having 
to destroy a whole vehicle for this purpose, so-called crash tests using a 
25 carriage are conducted, in which a carriage is accelerated to the desired 
speed, for example by a pre-stressed elastic cable. The carriage then col- 
lides with a deformable obstacle at this speed. However, with this kind of 
test, it is difficult to recreate deceleration curves from real crash tests. 
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It is therefore also known to simulate the deceleration of a real crash test 
by an acceleration of the test object. This means that the acceleration 
forces acting on the movable masses of the vehicle on collision with an 
5 obstacle are exerted directly via an acceleration of the crash-test carriage 
onto the test object. Real deceleration curves can thus be recreated sub- 
stantially better. 

In known methods, in order to conduct such tests, the carriage is acceler- 
10 ated by a thrust rod which is hydraulically moved out of a cylinder tube in 
accordance with a real deceleration curve. In order to recreate the real 
deceleration curve, the hydraulic pressure exerted on the thrust rod is 
controlled by a hydraulic valve. In view of the high required acceleration, 
this must have an extremely high flow rate and must be able to react very 
15 quickly. A plurality of calibration tests must be conducted for the adapta- 
tion to the real deceleration curve since such a valve cannot be regulated 
within the test time of a maximum of 100 milliseconds. This process is 
therefore relatively expensive and time-consuming. 

20 It is the underlying object of the invention to provide a method for con- 
ducting crash tests using a carriage with which real deceleration curves 
can likewise be recreated very precisely, but which is less expensive and 
time-consuming. Furthermore, an apparatus for carrying out such a 
method is to be set forth. 

25 

This object is satisfied in that during the test, a force is exerted on the 
crash-test carriage in the direction of acceleration, which is larger than 



1 



WO 00/79236 PCT/EP0O/041 39 

3 

the respective force required for acceleration in accordance with the real 
deceleration curve, on the one hand, and that in order to achieve the 
desired acceleration curve, a braking force opposite to the direction of 
acceleration is exerted on the crash-test carriage or on an apparatus 
5 driving it, which is so large that the resulting force accelerates the carriage 
in accordance with the desired acceleration curve, on the other hand. 

The generation of acceleration and the adaptation of the acceleration to a 
desired curve can be advantageously separated from one another by the 

10 exertion of an acceleration force on the crash-test slide, on the one hand, 
and of a braking force, on the other hand. The adaptation is thereby pos- 
sible with a relatively low effort. In particular, a regulation can be carried 
out. Time-consuming calibration tests are thereby made superfluous so 
that the method overall requires much less effort than the one described 

15 above and nevertheless allows a very exact adaptation to the desired 
acceleration curve. 

In accordance with an embodiment of the invention, the force acting in the 
direction of acceleration is produced pneumatically. This is possible in a 
20 simple manner and allows, likewise in a simple manner, a repeated con- 
ducting of crash tests using a carriage. 

In accordance with a further embodiment of the invention, a pressure is 
generated in a pressure reservoir at maximum braking force, said pres- 
25 sure corresponding at least to the maximum required acceleration force, 
and subsequently the brake is gradually opened in accordance with the 
acceleration curve. In this way, the adaptation of the acceleration to the 
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acceleration curve can be achieved solely by a controlled or regulated 
opening of the brake. This is in particular of advantage when carrying out 
a real-time regulation. 

5 In accordance with a further embodiment of the invention, the generation 
of the required pressure is controlled via a pressure sensor arranged in 
the pressure reservoir, in particular by using a computer. In this way, the 
exact pressure generation is ensured in the pressure reservoir in a skilled 
manner. 

10 

In accordance with a further embodiment of the invention, the braking 
force is hydraulically transferred onto the brake carriage or onto an appa- 
ratus driving it. An exact control and regulation is thus possible in a 
particularly easy manner. As a result of the relatively low amount of.hy- 
15 draulic fluid required, valves with a comparatively low flow rate, in par- 
ticular standard hydraulic valves, can be used, which can also be regu- 
lated in real time. 

In accordance with a further embodiment of the invention, an emergency 
20 braking of an apparatus driving the crash-test carriage and loosely engag- 
ing at this is carried out at the end of the crash test using a carriage, with 
the end of the crash test using a carriage preferably being determined via 
the path covered, the time and/ or the speed of the crash-test carriage. The 
exertion of an uncontrolled force on the crash-test carriage after the end of 
25 the test is thus prevented. 
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An apparatus for conducting the method comprises, in accordance with 
the invention, a pressure chamber whose volume is restricted by a piston 
which acts on the crash-test carriage via a thrust rod, by a compressor for 
generating the required pressure in the pressure chamber and by a brak- 
5 ing device acting on the crash-test carriage or on the thrust rod. Crash 
tests using a carriage in accordance with the invention can thus be con- 
ducted in an advantageous manner with pneumatic acceleration. 

In accordance with a further embodiment of the invention, the pressure 
10 chamber has a safety valve to restrict the maximum pressure. Damage to 
the system due to excess pressure is thereby avoided. 

In accordance with a further embodiment of the invention, a pressure 
sensor is present in the pressure chamber whose output signal is trans- 
15 mitted to a control unit to control the pressure generation. The achieving 
of the required pressure in the pressure chamber is thus ensured. 

In accordance with a further embodiment of the invention, a pressure 
switch is provided in the pressure chamber whose response pressure lies 
20 somewhat below the safety valve pressure and which is switched off by the 
compressor. The compressor is thus automatically switched off before the 
maximum permitted pressure is reached and the occurrence of excess 
pressure is avoided. 

25 In accordance with a further embodiment of the invention, the brake 

device acting on the crash-test carriage or on the thrust rod can be hy- 
draulically actuated. This is advantageous for construction and allows a 
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control, and in particular a regulation, of the braking force. A standard 
hydraulic valve is preferably provided for this purpose. 

In accordance with a further embodiment of the invention, the braking 
5 force can be regulated in dependence on the acceleration of the crash-test 
carriage. An acceleration sensor is provided for this which measures the 
acceleration of the crash-test carriage. Another possibility consists of 
regulating the braking force in dependence on the desired pressure of the 
hydraulic brake. 

10 

In accordance with a further embodiment of the invention, the crash-test 
carriage can be displaced by means of a thrust rod engaging loosely at the 
carriage, with the brake device preferably acting on the thrust rod. This is 
advantageous for construction and also allows the crash-test carriage to 
15 roll out at the end of the test. 

In accordance with a further embodiment of the invention, a plurality of 
units are provided in order to generate the acceleration force. The force 
required to accelerate the crash-test carriage can thereby be generated 
20 more simply. 

An embodiment of the invention is illustrated in the drawing and will be 
described in the following. There is shown, in a schematic illustration, 



25 Figure 1 a side view of a crash-test carriage system of the invention. 
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An air pressure required for conducting a crash test using a carriage is 
generated in a compressed air tube 2 by a compressor 1, with it being 
ensured by a safety valve 3 that a maximum pressure is not exceeded in 
the compressed air tube 2. 

5 

A pressure sensor 4 is connected to the compressed air tube 2 and this 

measures the actual pressure in the compressed air tube 2 and forwards 

i 

it to a control computer not shown here. When the desired pressure is 
reached, the control computer initiates the switching off of the compressor 

10 1. In addition, a pressure switch 5 can be connected to the compressed air 
tube 2 whose response pressure lies somewhat below the response pres- 
sure of the safety valve 3. When the pressure switch 5 responds, the 
compressor 1 is switched off. Finally, a rotary valve 6 is connected to the 
compressed air tube 2 and the pressure in the compressed air tube 2 can 

15 be lowered to ambient pressure by this. 



A thrust rod 7 is inserted into the compressed air tube 2 and has a piston 

8 at its inner end which is sealingly guided in the compressed air tube 2 
and thereby limits the compressed air volume V in the compressed air 

20 tube 2. The other end of the thrust rod 7 engages at a crash-test carriage 

9 which can be displaced on rails 10 in the direction of the longitudinal 
axis I of the thrust rod 7. The starting position of the crash-test carriage 9 
is determined by a stop 11. Furthermore, an acceleration sensor 12 is 
provided at the crash-test carriage 9 and the acceleration of the crash-test 

25 carriage 9 in the direction of the arrow 2 can be measured by this and 
transmitted to a control computer not shown here. 
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A hydraulically actuable brake device 13 engages at the thrust rod 7. The 
flow of hydraulic fluid 15 from a hydraulic unit 15 to the brake device 13 
is regulated via a servo valve 14. Moreover, a pressure sensor 16 is pre- 
sent at the brake device 13 which measures the brake pressure and 
5 transmits it to the control device not shown here. 

To conduct a crash test using a carriage, the servo valve 14 is first fully 
opened so that the brake device 13 is closed and the thrust rod 7 is held 
at its starting position in which the crash-test carriage 9 contacts the stop 

10 11. Now, the required pressure is built up in the compressed air tube 2 via 
the compressor 1. When the test starts, the servo valve 14 begins to regu- 
late the braking force on the thrust rod 7 in accordance with a desired 
acceleration curve. The actual acceleration of the crash-test carriage 9 is 
measured directly via the acceleration sensor 12 and used in the control 

15 computer to regulate the braking force. Alternatively, the braking force 
can be measured via the brake pressure sensor 16 and the braking force 
be regulated in dependence on the brake pressure. 

As soon as at least one of the termination criteria - path covered, time 
20 and/ or speed of the crash-test carriage 9 - has been satisfied, the servo 
valve 14 opens fully again so that an emergency braking of the thrust rod 
7 is initiated. The crash-test carriage 9 thereby lifts of the thrust rod 7 
and rolls out on the rails 10. For the next text, the carriage 9 and the 
thrust rod 7 are pushed back into the starting position in which the car- 
25 riage 9 contacts the stop 11. 
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The conducting of the crash test using a carriage can be carried out in a 
particularly suitable manner with this arrangement, with a very precise 
adaptation to a real acceleration curve being achieved by the separation of 
the generation of the acceleration force and the adaptation of the accelera- 
tion to a desired acceleration curve via the brake device 13. The pneu- 
matic generation of the acceleration force and the hydraulic brake device 
are in this respect advantageous in particular for a repeated conducting of 
the crash test using a carriage. 
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Reference numeral list 





1 


compressor 




2 


compressed air tube 


5 


3 


safety valve 




4 


pressure sensor 




5 


pressure switch 




6 


rotary valve 




7 


thrust rod 


10 


8 


piston 




9 


crash-test carriage 




10 


rails 




11 


stop 




12 


acceleration sensor 


15 


13 


brake device 




14 


servo valve 




15 


hydraulic unit 




16 


brake pressure sensor 




I 


longitudinal axis of 7 


20 


II 


direction of acceleration 




V 


compressed air volume 
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Claims 



5 1. Method for conducting crash tests using a carriage, in particular for 

simulating the collision of a motor vehicle with an obstacle, in which 
the deceleration forces of a real collision are simulated by.a crash- 

* 

test carriage (9) being accelerated in accordance with the real decel- 
eration curve, characterized in that during the test, a force is ex- 

10 erted on the crash-test carriage (9) in the direction of acceleration 

(II), which is larger than the respective force required for accelera- 
tion in accordance with the real deceleration curve, on the one 
hand, and in that in order to achieve the desired acceleration curve, 
a braking force opposite to the acceleration direction (II) is exerted 

15 on the crash-test carriage (9) or on an apparatus (7) driving it, 

which is so large that the resulting force accelerates the carriage (9) 
in accordance with the desired acceleration curve, on the other 
hand. 



20 2. Method in accordance with claim 1, characterized in that the brak- 
ing force is regulated in dependence on the actual acceleration. 



25 



3. 



Method in accordance with claim 1 or claim 2, characterized in that 
the force acting in the direction of acceleration (II) is generated 
pneumatically. 
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4. Method in accordance with claim 3, characterized in that, at a 
maximum braking force, a pressure is generated in a pressure 
chamber (2) which corresponds at least to the maximum required 
acceleration force; and in that subsequently the braking force is 
gradually reduced in accordance with the acceleration curve. 



5. Method in accordance with claim 4, characterized in that the gen- 
eration of the required pressure is controlled via a pressure sensor 
(4) connected to the pressure chamber (2), in particular by using a 
10 computer. 



6. Method in accordance with claim 4 or claim 5, characterized in that 
the pressure in the pressure chamber (2) is lowered to ambient 
pressure at the end of the crash test. 

15 

7. Method in accordance with any one of the preceding claims, charac- 
terized in that the braking force is hydraulically transmitted to the 
brake carriage (9) or to an apparatus (7) driving it. 



20 8. Method in accordance with any one of the preceding claims, charac- 
terized in that, at the end of the crash test, an emergency braking of 
an apparatus (7) driving the crash-test carriage (9) and engaging 
loosely at this is carried out. 



25 9. 



Method in accordance with claim 8, characterized in that the end is 
determined via the path the crash-test carriage (9) covers, by the 
time and/ or by the speed of the crash-test carriage (9). 
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Apparatus for conducting the method in accordance with claim 1 
comprising a pressure chamber (2), whose volume (V) is restricted 
by a piston (8) which acts on the crash-test carriage (9) via a thrust 
rod (7), a compressor (1) for generating the required pressure in the 
pressure chamber (2) and a brake device (13) acting on the crash- 
test carriage (9) or on the thrust rod (7). 

Apparatus in accordance with claim 10, characterized in that the 
pressure chamber (2) has a safety valve (3) for restricting the maxi- 
mum pressure. 

Apparatus in accordance with claim 10 or claim 11, characterized in 
that a pressure sensor (4) is connected to the pressure chamber (2) 
whose output signal is transmitted to a control device to control the 
pressure generation. 

Apparatus in accordance with any one of claims 10 to 12, character- 
ized in that a pressure switch (5) is connected to the pressure 
chamber (2) whose response pressure lies somewhat below the re- 
sponse pressure of the safety valve (3) and by which the compressor 
(1) is switched off. 

Apparatus in accordance with any one of claims 10 to 13, character- 
ized in that the brake device (13) acting on the crash-test carriage 
(9) or on the thrust rod (7) can be hydraulically actuated. 
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15 



15. Apparatus in accordance with claim 14, characterized in that the 
braking force can be regulated via a hydraulic valve (14). 



16. Apparatus in accordance with claim 15, characterized in that the 

braking force can be regulated in dependence on the acceleration of 
the crash-test carriage (9). 



17. Apparatus in accordance with claim 14 or claim 15, characterized in 
that the braking force can be regulated in dependence on the de- 
10 sired pressure of the brake device (13). 



18. Apparatus in accordance with claim 17, characterized in that the 

crash-test carriage (9) can be displaced by means of a thrust rod (7) 
engaging loosely at the crash-test carriage (9). 



19. Apparatus in accordance with claim 18, characterized in that the 
brake device (13) acts on the thrust rod (7). 



20. Apparatus in accordance with any one of claims 10 to 19, character- 
20 ized in that a plurality of units (1,2) for generating the acceleration 

force are provided. 
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HIERFUR 
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(57) Abstract: The invention relates to a method for conducting crash tests using a carnage, especially for simulating the collision 
of a motor vehicle with an obstacle, whereby the deceleration forces of an actual collision are simulated by accelerating a crash- 
test carriage (9) in accordance with the actual deceleration curve, whereby a force is exerted on the crash-test carriage (9) in the 
direction of acceleration (II) to avoid calibration tests during the test, said force being greater than the force required for acceleration 
in accordance with the real deceleration curve. In order to achieve the desired acceleration curve in the crash-test carriage (9) or in 
a device (7) driving the latter, a brake force is exerted in the direction opposite to the direction of acceleration (H), said force being 
so great that the resulting force accelerares the carriage (9) in accordance with the desired acceleration curve. 

[Fortsetzung auf der nachsten Seite] 
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UNDER 35 U.S.C. SECTION 371(c)(4) 

As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name: 

I verily believe I am the original, first and sole inventor (if only one name is listed below) or a joint inventor (if plural inventors are named below) of 
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CRASH-TEST CARRIAGE AND A CORRESPONDING APPARATUS THEREFOR , and as amended on (if any), which I 

have reviewed, and I understand the contents of the above identified specification, including the claims, as amended by any amendment referred to above and 
for which I solicit a patent; that I do not know and do not believe that this invention was ever known or used in the United States of America before my or our 
invention or discovery thereof or patented or described in any printed publication in any country before my or our invention or discovery thereof or more than 
one year prior to my international application; that this invention was not in public use or on sale in the United States of America for more than one year prior to 
my international application; that this invention has not been patented or made the subject of an inventor's certificate issued before the date of my international 
application in any country foreign to the United States of America on an application filed by me or my legal representatives or assigns more than twelve months 
before my international application; that I acknowledge my duty to disclose information of which I am aware which is material to the examination of this 
application; and that prior to filing said international application, applications for patent or inventor's certificate on this invention of discovery which have been 
filed by me or my legal representatives or assigns in any country foreign to the United States of America are as follows: 

(a) none filed more than 12 months prior to said international application, unless named below: 

(b) earliest filed less than 12 months prior to said international application (the priority of which is hereby claimed under 35 U.S.C. Section 365): 
DE 199 27 944.6 filed June 18, 1999. 

I hereby claim the benefit under Title 35, United States Code, §120, of any United States application(s) listed below and, insofar as the subject 
matter of each of the claims of this application is not disclosed in the prior United States application in the manner provided by the first paragraph of Title 35, 
United States Code, §1 12, I acknowledge the duty to disclose material information as defined in Title 37, Code of Federal Regulations, §1 .56(a), which 
occurred between the filing date of the prior application and the national or PCT international filing date of this application. 
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I declare further that all statements made herein of my own knowledge are true and that all statements made on information and belief are believed to 
be true; and further that these statements were made with the knowledge that willful false statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that such willful false statements may jeopardize the validity of the 
application or any patent issued thereon. 
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